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INTRODUCTION 

The Explorer V I  s a t e l l i t e  contained the first of a ser ies  of contemplated 

telemetry systems (Telebit ) operating with a d i g i t a l  transmission mode. This 

s i tuat ion afforded members of the Computation and Data Reduction Center of S!J7L 

a unique opportunity t o  participate in laying the groundwork fo r  future 

analysis and processing procedures. 

1 

A basic understanding of the Telebit systr?m,with i t s  possible perturbations, 

was obtained i n  order t o  assure postflight compatability with d i g i t a l  computer 

capability. 

equipment, and output formats were optimized t o  minimize computer programming 

and processing times. 

processing. 

Designs of the d i g i t a l  demodulation equipment, paper tape punching 

Either an IBM 704 or  709 was t o  be u t i l i zed  fo r  t h i s  

The camputer program itself was designed with the following res t r ic t ions  

i n  mind: 

1. The output structure of the Telebit system was essent ia l ly  a 

s t r ing  of binary b i t s  e m i t t e d  ser ia l ly  i n  time at r a t e s  of 

1, 8, or  64 b i t s  per second s tar t ing and stopping at  random 

positions within a basic repet i t ive feature, "the frame", 

which consisted of 132 bits. Each continuous transmission, 

or  message, might consist of a variable number of frames. 

(1) "An Interplanetary Communication System", by George E. Mueller and 
John E. Taber, 1959 IRE WESCON Convention Record, Part 5, pp. 68-75. 



2. wick-look informstion, including basic payload parameters 

such as battery voltages and temperatures, would be required 

within one hour of receipt of paper tapes (punched at  one of 

the telemetry ground stations) over a commercial teletype 

l ine .  

Errors i n  the basic bit  sequence due t o  variations i n  b i t  rate, 

perturbations i n  the frame s ize  and teletype vagaries would 

have t o  be considered. 

3.  

Detailed analyses were performed t o  determine the extent and repeti t ion 

r a t e s  of the various deviations fr’omthe norm t o  be expected and a computer 

program was developed t o  perturb a set  of normal. data with such fluctuations. 

With such input, along with data from a i r c ra f t  simulation tes ts ,  the  basic 

analysis program was subjected t o  a series of simulation experiments which 

served t o  point up pr ior  t o  f l i gh t  time any defects either i n  the s t a t i s t i c a l  

approach t o  the analysis o r  i n  the coding of the program. 

information relat ing t o  the cost of reduction per hour of s a t e l l i t e  transmission 

was developed. 

I n  addition, 

As a resu l t  of th i s  extensive preflight simulation study, the first set 

of d i g i t a l  data telemetered from Explorer V I  was reduced i n  minimal time and 

delivered t o  the hands of operations personnel fo r  analysis and necessary action. 

A continuing ef for t  i n  the reduction of both quick-look and sc ien t i f ic  data has 

revealed no f l a w  i n  the basic thought applied t o  this problem which w i l l  be the 

subject of the remainder of this  paper. 
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INFORMATION F" FOR TEKEBST SYSTEM 

Figure 1 illustrates the general flow of information from the transducer 

i n  the s a t e l l i t e  t o  the f i n a l  output l i s t i n g  from the computer. Analog informa- 

t ion  such as nagnetic f ie ld  intensity, very low frequency signal strength, and 

subcornmutated data passed through an A t o  D converter while certain transducers 

yielded d ig i t a l  information direct ly  (proportional counters, micrometeorite 

detectors, Geiger-Mueller counter, ionization counter and sc in t i l l a t ion  counter) e 

Each of the transducers was sampled sequentlally and the output fed in to  one 

of a pa i r  of registers.  While one register was being f i l l e d  with information, 

the other was modulating the output signal so as t o  cause a phase change of 

180 degrees t o  occur i n  a nondeviated subcarrier each t i m e  a "one" was enrmitted 

by the regis ter .  A zero caused an absence of a phase change. A ground-based 

demodulation scheme sensed the presence o r  absence of a phase change i n  the 

given b i t  timing interval  whether one second, 1/8 second, or  1/64 second. 

Although the timing fo r  s a t e l l i t e  based equipment was governed by an extremely 

accurate osci l la tor  (1 par t  i n  loss of synchronization in  the ground-based 

demodulator could cause the addition or  deletion of b i t s  every 60 often; 

par t icular ly  under conditions of low signal t o  noise ra t io .  Preliminary indica- 

t ions  were that one b i t  might s l i p  every ten frames. 

The basic format or sequence of b i t s  generated by the telemetry equipment 

i s  outlined i n  Figure 2. 

cohstrained t o  follow the sequence of the table") but  might begin a t  any point 

Upon commanding the transmitters .on, the b i t s  were 

( 2 )  To be read f'ram l e f t  t o  r igh t  f o r  a given word; and from word 0 through ten  
i n  normal sequence. 
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. 
within the frame structure. It should be noted that each word consists of 1 2  

bi ts ;  two of which are  01 as a word beginning marker. 

frame synchronization word of 1 2  zeros t o  allow identification of the beginning 

of a given frame. 

different experiment was sampled each frame. 

ments, each one occurred at  1/16 the ra te  of words zero through nine. 

Subcommutated values were identified by b i t s  9 through 1 2  of word 10. 

PAPER TAPE FORMAT 

Every tenth word is  a 

O f  special interest  is the subcommutator word i n  which a 

Since there were 16 such experi- 

Since one of the basic intents of t h i s  system was t o  be able t o  generate 

"real  time" digi ta l  information, the output of the d i g i t a l  demodulator was 

placed in to  a regis ter  along with a ground-based generated par i ty  b i t  forcing 

each l i ne  of f ive b i t s  odd. (3)  The b i t s  were punched on the tape at  a speed 

compatible with the transmission rate, ,  

correlation fo r  the data, t i m e  was punched each minute as a set of four l i nes  

In  order t o  allow an accurate t i m e  

of even par i ty  information. 

content on the paper tape. For quick-look information, t h i s  tape was sent i n  

short bursts  from each of the ground s ta t ions (Cape Canaveral, Manchester, 

Hawaii, and Singapore) by teletype t o  the Space Navigation Center (SPAN) i n  

Los Angeles where the computer evolved calibrated output for  operations 

personnel . 

Figure 3 should serve t o  indicate the infomation 

TELETYPE TRANSMISSION 

Since quick-look processing necessitated the use of teletype transmitted 

information, a s t a t i s t i c a l  study o f t h e  error r a t e s  t o  be expected was 

(3) The par i ty  b i t  was generated t o  allow error  detection result ing from 
teletype transmission errors. 
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in i t ia ted .  

instructions t o  transmit t o  Los Angeles at  def ini te  times. An analysis of 

these data indicated that an error ra te  of one b i t  per 10,000 l ines  trans- 

mitted (50,000 bi t s )  was t o  be expected during "good" periods. 

error  r a t e s  as high as one i n  15 l ines  occurred often enough t o  make it 

appear adviseable that the computer be programmed t o  handle th i s  possibil i ty.  

Monitoring of battery voltages and payload transmitter temperature was 

extremely important during the first few clays of ac t iv i ty  since deviations 

beyond certain values would have caused permanent l O S 6  of trsnsmitting 

capability. 

keep transmitter ac t iv i ty  a t  reasonable levels. 

SFZCIAL HIOVISIONS 

Test tapes were sent t o  each of the ground s ta t ions with 

However, 

Upon receipt of these data, ground commands were in i t i a t ed  t o  

The d i g i t a l  demodulation equipment was f i t t e d  with three operating modes : 

1. Automatic; 

were i n  lock. 

punched u n t i l  the next timing se t  of four l ines .  

following the timing l ines,six sets of ones terminated the 

punching operation and acted as an end of message marker. 

should be noted that i f  lock were then attained again during a 

given transmission, it i s  most probable that  b i t  synchronization 

would have been l o s t  and that the new message should be treated 

as such. 

computer program. 

Manual over-ride. 

yielded random b i t s  i n  the absence of signal. 

Data were punched onto tape as long as the receivers 

I n  the event of l o s s  of lock, ones were t o  be 

Immediately 

It 

This was the approach followed when evolving the 

2. Data were punched onto tape at a l l  times; 
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3. Stop data. 

se t  after which s ix  l ines of ones were t o  be generated. 

provision served as an arbi t rary end of message marker. 

Ones were t o  be generated unt i l  the next timing 

This 

It can-be seen that i n  the mrml automatic mode, an end of message marker 

followed the last timing information for a given transmission. 

THE COMPUTER "FRAME RECONST€WC!TION" PROGRAM 

The aforementioned paper tapes were presented t o  computer personnel i n  the 

form of paper tape reels, each consisting of many messages. 

as a sequence of data b i t s  preserving the 132 b i t  per frame format with minor 

perturbations. 

such a manner as t o  reconstruct the data i n  i t s  desired 1 2  b i t  by ll word format 

and a f t e r  such reconstruction t o  present the data i n  optimum form as calibrated 

l i s t i ngs .  

ANALYSIS PROCEMTRE 

A message i s  defined 

It was the intent of t h i s  program t o  process the paper tape i n  

1. %pe t o  cmd ccmversion. 

The r e e l  of paper tape was converted t o  punched cards i n  

such a manner as t o  allow visual observation of even pa r i ty  

l i nes  (timing information or  teletype errors) .  

accomplished by forcing a punch i n  the upper two rows of the 

punched card fo r  each even par i ty  character. This permitted 

the operations personnel t o  throw out those messages where the 

overall error  rate exceeds 1/15. 

detection of normal English teletype transmissions (half 

even par i ty  characters) which did indeed somehow f ind their 

way into the processing loop. 

This was 

In  addition, it allowed 

The f ive  b i t  l i n e  of b i t s  
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on the tape was therefore transformed in to  a given column 

of the card as a typical Hollerith character. 

2, Hollerith Listing. * 
A l i s t i n g  of the Hollerith characters was prepared. 

can be seen that odd p u i t y  characters on the paper tape w i l l  

generate a unique set of Hollerith characters as compared t o  

the even par i ty  data. A search was made of each card deck for  

all end of message signals (five ident ical  Hollerith characters 

corresponding t o  all ones). 

found, the timing information immediately preceding it was 

verif ied manually and corrected i f  necessary, When the signal 

lay  within a given card (norm&L situation),  two new cards were 

constructed each t o  be associated with a given message. Thus, 

a stack of cards was constructed for each message and ending 

with timing infomation. 

It 

When an end of message signal was 

3. Time extraction. 

The first operation,af'ter a given message was read in to  the 

computer, was t o  extract the timing infomation leaving the data 

b i t s  i n  an unbroken sequence. Since it was gua,ranteed that 

timing information would immediately precede the end of message 

marker, it was decided t o  extract the times 'beginning with the 

- end of a message. Utilizing knowledge of the basic transmission 

b i t  rate and the fact  that timing information occurred approxi- 

mately once every minute, a search was performed for  time in  the 

general area where it was expected. The following t e s t s  are made: 

* F i p r e  4. - 10 - 
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a. The presence of two o r  more even par i ty  l i nes  among 

the four l ines  expected t o  be timing information. 

b. Internal  consistency; the decimal d i g i t s  within the 

time information may not have values higher than 2959. 

c. The value of time must be one minute l e s s  than the 

preceding time. 

If these t e s t s  are not passed, the computer w i l l  shift by plus 

or  minus one t o  five l ines  and test for  time i n  each of these 

positions. If  the t e s t s  fa i l  i n  all positions, a forced 

extraction of time w i l l  take place i n  the central  position. 

This is necessary i n  order t o  preserve the 132 b i t  per frame 

sequence. Even i f  the extraction takes place on data lines, 

only four l i nes  (two data words) of data w i l l  be disturbed by 

th i s  procedure. Times a re  l i s t e d  i n  decimal notation as they 

are  extracted. 

4. Word synchronization pattern. 

The most sensitive t e s t  t o  develop the original frame 

pattern is the detection of the repet i t ive feature of 01 every 

1 2  b i t s  (excluding the frame synch word which is 00). 

determine the b i t s  on which the t e s t  i s  t o  be made, the data are  

searched for an area of no par i ty  error within a message. 

th i s  is not possible, an area of minimal pa r i ty  error  i s  

ut i l ized.)  

1 2  b i t s  f o r  a three frame interval  and tes t ing the sum of the 

first b i t s  of each pair for  zero and the second for  27. 

(To 

If 

Testing consists of selecting a pair of b i t s  every 

It can 
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be seen that t h i s  test i s  extremely sensit ive t o  a shift of 

one b i t .  

satisfactory if the first sum i s  two  and the second, 25. 

An error ra te  of 1/15 allows the test t o  be 

5 .  Frame synchronization word. 

Once the basic orientation of b i t s  i s  determined, the 

words are sesrched t o  find sequential frame synchronization 

words (all zeros). 

i s  selected every 132 b i t s  and the sum is tes ted for  zero. 

With a 1/15 error  rate, the test  i s  sa t i s f ied  i f  the sum is 

less than two. 

A set of 1 2  bits  over three frame intervals  

6. Overall message reconstruction. 

The rest of the frames within a given message are 

extracted by counting 132 b i t s  i n  both directions, tes t ing for  

the presence of frame synch as we proceed. 

passed as long as the 132 b i t  per frame sequence is maintained, 

as long as signal i s  not l o s t  and as long as par i ty  error  

within a given zone of data remains within 1/15. 

synchronization is  found lacking within a message, the 

synchronization procedure is  begun again at  paragraph 4. 

l i s t i n g  of unsynchronized data is  provided. 

This t e s t  will be 

When such 

A 

7. output. 

The outputs consist basically of a decimal or  binary 

l i s t i n g  of the data in  f’rame format (Figure 2)  versus time. 

For the purpose of detailed sc ien t i f ic  investigations, the 
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data are  merged with trajectory information and calibrated t o  

f’unctiond units. Such an output i s  i l l u s t r a t ed  i n  Figure 5 .  

For quick-look purposes, the data are  scanned for  the desired 

subccmrmutated words and l i s t e d  as in Figure 6. 

Prior t o  launch, members of STL’s Space Physics Section prepared a se t  of 

These data were then made simulated sc ien t i f ic  data for  16 sequential frames. 

repet i t ive t o  simulate a 10-minute transmission f r o m  the s a t e l l i t e  and perturbed 

with error  ra tes  varying f r o m  1/15 t o  1/100 i n  a random manner. In  addition, 

b i t  slippages of from one t o  three bits  were inserted every ten frames or so 

i n  a random m e r .  

and t o  yield information relat ing t o  the cost of processing these data (one- 

half hour processing per hour of transmission at a 64 b i t  per second r a t e ) .  

CONCLUSIONS 

Such data were used t o  successfilly check out the program 

The use of a d i g i t a l  computer not only t o  reconstruct such data as 

mentioned i n  th i s  paper but t o  process such data i n  a detailed analytical  manner 

yields a too l  capable of handling many millions of b i t s  of sc ien t i f ic  information 

per day and presenting them i n  a useable form. 

similar analog system might take many weeks per day of data transmission. 

To perform such a task with a 
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